The continuous emission spectra of ArBr (Paper I) are analyzed by comparison with computer simulations, using trial molecular potential curves and uniform WKB wave functions, Vibrational distributions in the emitting states are derived by a least-squares technique, For the highly-structured B(1/2) -X(1/2) continuum, rather precise results are obtained and it is shown that the product energy distributions in the reactions Ar* + HBr and K + HBr are closely similar. Analogous simulations of the C (3/2) -A (3/2) system yield less precise information because this continuum is partially overlapped by B -X emission. The results for both systems support previous ab initio calculations of the noble-gas halides.
I. INTRODUCTION
The previous paper (Paper 1)1 presented emission spectra of ArBr, generated by the chemiluminescent reactions of metastable argon atoms, Ar*eP O.2)' with several bromine containing compounds. Analysis of such spectra poses problems for a number of reasons. Firstly, they are continuous and comprise at least three distinct
electronic transitions: B(t)-X(t), C(%)-A(%), and B(t)-A(t)
, which partially overlap (see Fig. 4 of Paper I). Secondly, several vibrational levels of the emitting states contribute to the spectra but the population distribution and the rotational distribution are not known. Thirdly, the potential curves and the form of the variation of the electronic transition moments with internuclear distance for the various systems are also unknown.
Previous analyses have been attempted of the B-X continua of KrF, XeBr, and XeI generated at pressures of the order of 1 atm 2 and of the B -X and C -A continua of Kr F 3 and XeC1 4 at low pressures around 1 Torr. In the high pressure study, Boltzmann Vibrational distributions were assumed for the emitting states and potential curves were derived by comparing simulated and observed spectra. The latter studies used potential curves obtained from ab initio calculations No previous studies, experimental or theoretical, have been made on the ArBr molecule. However, the lowpressure spectra, presented in Paper I, show considerable structure, which is strongly dependent on the nature of the reagent and also on the total pressure in the system. We considered, therefore, that this was a suitable system for obtaining empirical information concerning potential curves and vibrational distributions in the emitting states. This paper presents the spectral analysiS of the B-X continuum generated by reaction of Ar* with HBr and of the C-A continua produced by Ar* +CH2Br2 and HBr. a) Also: Department of Chemistry, University of Edinburgh, Edinburgh, EH9 3JJ, United Kingdom.
II. PROCEDURE A. The uniform-WKB method
The continuous spectra were analyzed by comparing the experimental spectra with computer simulations of electronic transitions between a bound upper state and a completely repulsive lower state. Semiclassical wave functions were used and, for this initial study, rotation was neglected (previous studies have found inclusion of rotation to have only a small effect on the simulations 2 • 3 ).
The intensity of emission in a small frequency range is given by the probability of radiation from the emitting level to the appropriate range of states in the lower potential,
Iv(V)dV=64;;V
3 NvP(E)(fl/!~IJ.I/!~IdrrdE, (1) where the wave functions are solutions of the radial Schrodinger equations
lJ. (r) is the electronic transition moment, and p(E) is the denSity of states in the lower potential at energy E. N v is the steady-state population (molecule cm-3 ) of level v and lv(v) the intensity of emission (photons cm-3 S-l wave number-1 ) from this level. Equation (1) was evaluated at a series of energies E and summed over the emitting vibrational levels to yield the spectrum associated with a given electronic transition.
Several methods were used to generate the wave functions. In some simulations, the form V~' = a/(b -r)2 (3) was used for the repulsive lower-state potential, allowing the wave function Wi I to be represented accurately by a Bessel function. In early calculations on ArBr and ArCl, WKB wave functions were used for the upper state, but their poor behavior near the turning points led to inaccurate results for ArBr, where emission from low vibrational levels is dominant. tional wave function for the true potential v(r) is expressed in terms of that for a parabolic potential V,,(s) , w~(r) = N v (dr/ds)I/2 w,, (s) , (4) where Hv is the Hermite polynomial, m is the reduced mass of the molecule, and the coordinates rand s are related so as to maintain the phase properties of the normal WKB wave functions 8 :
where r 1 (and r 2 ) are the upper-state turning points and c is given by
The normalization factor is determined by
These wave functions have been shown 8 to agree well with numerical solutions of the Schrodinger equation, including the behavior at the turning points.
An analogous method was developed for the lowerstate wave functions, to allow repulsive potentials of any form, but particularly of the type
to be investigated. The wave function is expressed, in this case, in terms of that of the potential where in which case
For the potential VB'
(12) (13) where J,.,(z) is a Bessel function of order w. The parameters rand t are related by
The order w was arbitrarily chosen as unity. The normalization factor N E in Eq. (12) was chosen such that, at large r, the amplitude of the sinusoidal wave function varied as E-1 1 \ with this normalization, p (E) in Eq. (1) is a constant and can be omitted.
Good agreement was found between the uniform-WKB and exact wave functions for a potential of type V~' [Eq. (3)].
B. Upper and lower state potential curves
The form of the spectrum is determined principally by the relative shapes of the upper and lower state potentials so that, from spectral information alone, unique potential curves cannot be derived. However, the form of V' is predetermined, to a certain extent, by the analogy of the excited noble-gas halides with ground state alkali halides. 9 The Rittner potential has been widely used to represent the potential curves of the alkali halides .10 Krauss ll has shown that, for the excited states of the noble gas halides, A'X", three terms contribute significantly to the attractive portion of the potential, namely, the Coulombic interaction, the ion-quadrupole interaction between the X-ion and the quadrupole moment of the N ion, and the ion-induced dipole terms. Krauss estimated the quadrupole moment from the size of the np orbital. He found two repulsive exponential terms to be important, one of which accounts for configuration interaction between the B and X states.
Therefore, a representative potential V~ of the Rittner type, 10 15) (where D; is the bond energy relative to the atomic ions so that the energy zero corresponds to the minimum of the potential) was developed for the emitting B(t) state. For the present calculations, the polarizability of Ar+ was taken to be equal to that of K+, 10 while the repulsive terms were chosen to give physically reasonable values for the dissociation energy, the vibration frequency, w~, and the bond length, r:. 10 This potential was used for most calculations. It was possible to obtain excellent fits to the shape of the B-X spectrum but the absolute positions of some simulated spectra were in error by a few hundred wave numbers. As a correction, the energy of the upper state above the asymptotic energy in the ground state was written as
and Te was adjusted from its true value of 62840 cm-I for V~l to achieve the absolute fit of the simulated and experimental spectra.
As only the lowest portion of V' (energies less than 1500 cm -I) is used in the calculations, small changes in Te are equivalent to changes in the parameters of the Rittner potential. The most probable form of the true B state potential was obtained by combining the information obtained here with that of Paper I as discussed in Sec. IV.
According to ab initio calculations, 5,6 the C state potential is almost identical in shape to that of the B state near their minima but differs slightly in T. and re' Therefore, the same upper state potential, V~l' was used also fo r the C -A (~) Simulations, but the Te values were allowed to differ. however, Te had to be lowered to obtain an absolute fit of the simulated and experimental spectra.
C. Electronic transition moment
For the B-X transition, linear expressions for J. L(r) were considered satisfactory for the small range of internuclear distance over which the transitions were occurring. Thus, J.Li(r) = J. For the C -A simulations, exponentially decreasing transition moments
were found to give better fits.
The general procedure followed for simulation of a given continuum was to vary the form of V" until the spacing of diffuse peaks in the spectrum was fitted correctly. Variation of the vibrational distribution had only a small effect on this spacing but strongly affected the depths of the troughs between the peaks. The transition moment expression was included to match the overall variation in intensity throughout the spectrum. Finally, Te was adjusted to ensure that the experimental and simulated spectra coincided on an absolute frequency scale. For some of the earlier, exploratory calculations, the effect of changes in V" or J.L(r) were investigated through computation of the function (19) v=o where (20)
The complete expression, (21 ) v=o [see Eq. (1)] was used for final comparison with the experimental spectra; for this purpose, the experimental intensities (Paper I) were converted from a per-wavelength-to a per-frequency-interval basis by dividing by v
•
In some of the later calculations, after V" and J.L (r) had been established, a nonlinear least squares fit 12a to the spectrum was made, yielding best estimates of the vibrational distribution in the emitting state. The input data consisted of the experimental spectrum and a calculated spectrum, v 3 G v (v) , for each emitting level, the latter being normalized to a uniform integrated intensity. Each data point was given a statistical weighting factor 12b equal to the reciprocal of the intensity; the separation of the data points was less than 100 cmi for simulations of the B-X spectra and 190 cmi for the less-structured C-A continua. The vibrational populations were varied systematically until the least-squares fit (minimum of the X 2 hypersurface) was achieved. The method involved successive approximations of the hypersurface by parabolic surfaces and convergence was typically achieved after no more than five iterations.
Because of the normalization of the intensities of the simulated spectra in the least -squares analyses, the vibrational distributions resulting from fits of the lowpressure spectra represent relative rates of formation of the emitting levels, R v , (22) where Au is the radiative transition probability for level v. It was found for the transition moments J.L(r) used that the Av are virtually constant for the B state but increase by about 20% from v = 0-7 for the C state. The least squares analysis was also used to examine the spectra at increased pressure; again the quoted vibrational distributions represent steady-state populations weighted by Au.
III. RESULTS

A. The B(Y:z)-X(Y:z) system
The spectrum of the B-X system is produced most cleanly in the reaction of Ar* with HBr ( Fig. 1 of Paper I). Unlike the spectra generated with all other reagents (except DBr), the Br( 4P 3/2-2P i/2) line at 163.4 nm has a negligibly low intensity. Also, the C-A continuum (167-176 nm) is weak in this system. For the present analysis, therefore, the spectral region between 158 and 166 nm was assumed to comprise B-X emission only. (Following our analysis of the C-A system, B-X spectra were corrected for weak underlying C-A emission and reanalyzed, witH no appreciable change in the results.)
A typical good fit to the spectrum is shown in Fig. 1 , where the upper state potential is V~i (see previous section), T. B = 62 320 cmi , V~i(r)= 7 .197X 108 exp[ -r(nm)/ 0.036727] cm-i , and J.L(r)=const(1-2.25 r). Eight vibrationallevels, v' = 0-7, were needed, with relative populations respectively 0.7l, 0.93, 0.84, 0.86, 0.94, 1.00, 0.80,0.66. Frequencies in this figure are given relative to T eB • The individual contributions of the vibrational levels to this spectrum are included in Fig. 1 and the potentials appear in Fig. 2 . To assess the degree of uniqueness of the fit, the effects on the simulated spectrum of varying V"(r) , J.L(r) and the vibrational distribution were examined.
Lower state potential, V" (r)
Simulations were carried out with a series of lower state potentials, using a uniform vibrational distribution and a constant transition moment. It was found that the shape of the resulting spectrum is most dependent on the slope of V" in the region of internuclear distance, 0.28-0.36 nm, over which the transitions take place. Spectra for potentials of the form v;.' = a/(b -r)2 of varying slope are shown in Fig. 3 ; the potentials are displayed in the corner panel. The principal effect of increased slope is an increased spacing of the diffuse peaks of the spectrum and it is clear that a satisfactory fit to the ex- perimental spectrum is achieved with only a limited range of such potentials. Similar calculations were carried out with V~/=Aexp(-r/B) and the potential giving the correct spacing of peaks was closely similar in slope to the best V~' potential over the relevant range of internuclear distance.
The relative slopes of V' and V" also determine the manner in which the spectral contributions from individual levels, v'=0-7, superimpose in the final spectrum. As shown in Fig. 1 , it is found fortuitously that peaks in the contributions tend to overlap closely, especially at the low frequency end. This implies that the overall spectrum shows good "resolution" of the peaks but that each peak contains contributions from several vibrational levels. In particular, v '= 0 does not dominate the strongest peak of the overall spectrum but emits most strongly in the region of the minimum between the first two peaks. This situation arises because the repulsive limbs of V' and V" happen to be closely similar in slope. As the slope of V" is increased, in Fig. 3 , it is seen that the resolution of the peaks decreases, due to the less perfect matching of the peak positions of the vibrational contributions.
It should also be noted, in Fig. 3 , that there is no systematic change in the absolute position of the spectra. This is determined by the absolute energy of V", particularly in the region of internuclear distance, 0.28-0.30 nm. Figure 4 shows representative data, illustrating the effect of variations in the form of the transition moment expression, f..L(r) , on the calculated spectrum, using a uniform population dietribution. Linear expressions for
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JJ. were used and clearly have an effect monotonic in frequency, with relatively little effect on the ratio of peakto-trough intensity or on the spacing of the peaks.
Vibrational distribution
Spectra were simulated with several trial population distributions. Results are shown in potential V" is one which gives the correct spacing of peaks. We find, from these and similar data, that changes in the vibrational distribution have little effect on the position of the peaks but alter the ratio of intensities of adjacent peaks and troughs, increased inversion of the population distribution increasing this ratio. We conclude, therefore, that the three unknown parameters, the forms of V"(r) and JJ.(r) and the vibrational distribution, can be investigated separately because of their different effects on the spectrum .
While the convenient analytical expressions used for V" (r) and JJ.(r) may be expected to represent fairly well the true forms of these parameters, the model vibrational distributions are probably oversimple. Therefore, a least squares fit to the experimental spectrum was sought, with the vibrational populations as variables. Very similar distributions were obtained for the lowerstate potentials of type V{' and V~' [Eqs. (3) and (9)], and changes in JJ.(r) also had little effect. Examples are shown in Figs. 6 and 7, in which experimental spectra at 0.6 and 4.0 Torr, respectively, have been fitted. The error bars are the uncertainty limits from the least squares analysis. The central panel in Fig. 6 was obtained with an upper state potential chosen to differ greatly in shape from V~l but within the limits imposed by the Rittner format. No significant change in the vibrational distribution is found. 
B. The C( ~ )-A (~) transition
No region of the ArBr spectrum is due to the C-A transition alone as, in the secondary continuum, 167-175 nm, the B(~)-A(~) system is also contributing, while at short wavelengths, the B-X system is dominant. The reaction of Ar* with CH 2 Br 2 was found to give the strongest C-A emission relative to the B-X system 1 and the contribution of the B-A system also was small in this case. Therefore, this spectrum was chosen for analYSis, the region between 167 and 175 nm being assumed to consist only of C-A emission. The form of the main continuum (158-166 rim) reflects the strong underlying C-A emission (see Paper I) and this contribution proved important in the analysis.
In the simulations of the C-A continuum, the upper state potential, Vhl' was taken to be the same as V~l' except for T ec , which was allowed to differ from T eB • In early simulations, lower state potentials of the form V~' and linear forms of the transition moment were used; later calculations employed the exponential form for both V"(r) and ~(r).
Typical fits to the spectrum are shown in Fig. 8(a) . Good fits are achieved in the region 167-175 nm with Tec = 62 330 cm-1 and a lower-state potential (see Fig. 2 ):
The two simulations Shown, whose behavior at low wavelength probably represent extreme "fits" in this region, differ in the choice of ~(r):
~cla:exp(-r/0.060) , The contribution of each vibrational level for one of these cases is included in Fig. 8(b) , the levels being given equal weight for clarity. It is clear that the behavior is very different from that for the B-X system. Because the lower state potential is steeper than the upper state potential in the relevant region of internuclear distance, the peaks in the contributions are displaced relative to each other and their superposition in the overall spectrum results in less well" resolved" peaks.
The effects of variations in V"(r) , ~(r) and the vibrational distribution in the C state were investigated for a wide range of these parameters and found to be comparable to those found for the B-X system, as illustrated in Figs. 9-11. Figure 9 shows simulations of the long wavelength region (167-175 nm) for three potentials of type V~/. As expected, increase in the slope of V" causes an increase in the spacing of the maxima in the spectra. Although the overall shape given by spectrum 1 appears closest to the experimental spectrum, the peak spacing is too small. In the other spectra, the long wavelength peak is weaker than the adjacent peak (hence- forth referred to as the first and second peaks, respectively) and is strengthened by imposing an expression for jJ. which decreases rapidly with increasing r as shown in Fig. 10 .
The effect of the C -state vibrational distribution on the spectrum is illustrated in Fig. 11 . As expected, as the distribution becomes increasingly inverted, the spectral "peaks" are better resolved. However, there is a simultaneous shift in the peak positions, particularly for the first peak in the cases shown, which arises from the noncoincidence of the peaks of the v' contributions [ Fig. 8(b) ].
As a result, the effects of V", jJ., and N~ are not completely separable and, because only a limited portion of the C-A continuum is observed, a unique analysis is not possible. The problem can be reduced to two sources of uncertainty, discussed below. (1) As the spectral contribution from each v I level has its long wavelength peak at a different wavelength [ Fig. 8(b) ], thereisa. choice as to which peak to match in position with the peak of the overall spectrum.
(2) Different combinations of jJ.(r) and N~ can be used to fit the experimental spectrum [see Fig. 8(a) ].
Least squares analyses were performed using a fixed V" and jJ.(r) but different numbers of emitting levels, v' = 0 to v max (Tec was also allowed to vary). Good fits to the secondary continuum (175-166 nm) were obtained with v max :;> 2 (the range 0-7 was investigated). Examples of the resulting vibrational distributions are shown in Fig. 12 . The large error bars, reflecting the lack of uniqueness of the fit, arise from the relatively small amount of structure in the secondary continuum. The rather spiky distribution could be smoothed considerably with little degradation of the quality of the fit; this smoothing was performed in later calculations.
Most of the possible values of vmax could be rapidly eliminated. As discussed above and in Paper I, the C-A continuum must extend at least to 159 nm in order to explain the great difference in shapes of the main continua of Ar* +HBr and Ar* +CH 2 Br 2 • USing a lower state potential of the form V~' [Eq. (9)1. this cannot be achieved unless at least 7 ± 1 levels are contributing to the spectrum.
Further calculations were carried out with v max = 7 using V~l' V;:l, and jJ.C2 [as in Fig. 8(a) 1 but with five values of TeC in the range 62470-62280 cm-I . Three of the resulting calculated spectra are shown in Fig. 13 with their first and second peaks brought into coincidence. In all cases, the spectra extended as required to 159 nm, and physically reasonable vibrational distributions were obtained, as shown in Table I . The conditions Tee = 62 470 and 62280 cm -1, however, represent extreme cases of fits with vmax = 7. For lower T eC ' the short wavelength condition was not satisfied, whereas for higher T eC ' no good fits were obtained-negative achieved over a very wide range of D, but only a limited portion of this range gave reasonable behavior at low wavelength. The spectra in Fig. 8 are considered to represent extreme examples of reasonable fits; for these, D=0.0387 and 0.060 nm and the resulting vibrational distributions are included in Table I . Over this range of j..l, it was found that the peak spacing decreased 
~(cm-l):
v': very slightly as J.i.(r) steepened; however, within the limits of the accuracy of the experimental data, both extreme cases could be fitted with the same lower-state potential, V~'I' As expected, further fits could be obtained by shifting V' and V" independently in energy.
Spectra of the ArBr C-A C~) continuum, obtained under several experimental conditions, were analyzed using the potentials V~I' V~I' transition moment term J.i.C2 ' and Tec in the range 62280-62470 cm -I. The resulting vibrational distributions are included in Tables I and II . Increase in the pressure from 0.7 to 2.1 Torr in the Ar* + CH 2 Br 2 spectrum causes a shift to low vibrational levels as expected; the most reproducible findings are a depletion in v' :o6 and 7 and a relative enha!1cement in Vi = 1 and 2. The data were put on an absolute basis by including the quenching of the secondary continuum relative to atomic Br emission (see Paper I), and it was concluded that the populations of the lowest three levels are indeed enhanced by the increase in pressure.
C-A(t) continua in the wavelength range 167-173.5 nm from the Ar* + HBr reaction at 0.6 and 2. 4 Torr were analyzed similarly. Underlying B-A (-~) emission was approximated by a wedge, decreasing linearly between 173.5 and 167 nm, the threshold of this system, and subtracted from the overall spectrum to obtain the C-A (t) contribution. At the higher pressure, this correction amounts to 25% of the total intensity at 171 nm, the peak of the C-A (t) emission, and to about 50% at 173.5 nm.
The resulting vibrational distributions, Table II , differ significantly from those from the Ar* +CH2Br2 reaction, in being more uniform and extending only to v '= 5. As expected, the distribution shifts to lower levels with increasing pressure.
IV. DISCUSSION A. The potential curves
The simulations presented here confirm that the continuous spectra of ArBr I contain sufficient structure to give valuable information concerning the potential curves, the electronic transition moments, and the vibrational distributions in the emitting states. The uncertainty in the derived data is discussed below, followed by a comparison with other spectroscopic and kinetic data and with ab ini tio calculations.
The spectra are determined principally by the relative positions and shapes of the upper and lower potential curves. However, the kinetic data (Paper I) and chemical analogies allow the absolute positions and shapes to be defined within quite small limits. (the dominant metastable species under the experimental conditions employed here). 13 In Paper I, it was concluded from the temperature dependence of the main continuum that formation of vibrational levels of the B state up to at least Vi = 5 is exothermic. This conclusion is confirmed by the simulations presented here which consistently show the population in the B state to peak at Vi = 5. As derived in Paper I, this requires TeE .-s 61 850 cm -I, this limit having an uncertainty of 100 cm -I because of the ill-defined bond energy of HBr. 14 This upper limit is lower than the value of Te = 62 320 cm -I used in the trial calculations with a lower-state potential of exponential form (Vf '). To satisfy the upper limit and to maintain a fit between simulated and experimental spectra, both potentials must be Similarly lowered in energy. The upper and lower limits yield TeE = 61750 ± 100 cm-I , which leads to a bond energy of this state, relative to Ar+ (2P3/2) + Br-(lS) of 38220±100 cm-
An upper limit for
For a given value of TeE' the shape of the B state potential in the region of the minimum can be changed somewhat within the confines of the Rittner formulation by varying the ion-quadrupole attractive term and the repulsive terms [see Eq. (15)). To a very good approximation, such changes always altered the slopes of the inner and outer limbs of the potential in the same sense and could be parametrized by changes in the vibration frequency, we' A reasonable range, we = 200 ± 10 cm -I, by analogy with w e (KBr)=218 cm-I , leads to a 10% uncertainty in the slopes of V' and thus of V" at r< re and a smaller uncertainty at larger r. V~~=238{1-exp [-12(r-0.380 )]}2 cm-
I •
Despite these small uncertainties in the form of V', the general form of the vibrational distribution in the B state was unaffected (Fig. 6) . The transition moment for the B-X transition could also not be changed greatly and such changes also had no significant effect on the derived vibrational distribution.
The C and A state potentials are subject to greater uncertainty than those of B and X principally because a large fraction of the C-A spectrum is obscured by the B-X system. As a result, the analysis was based on the well-resolved long wavelength peaks and an estimate of the intensity of the C-A contribution at the low wavelength end of the spectrum.
The absolute energy of the highest emitting levels of the C state can be estimated by analogy with the B-X data. As tv.o more levels of the C state are populated in the Ar* + CH 2 Br 2 reaction than in Ar* + HBr, we can envisage two extreme cases: the Band C states are populated to similar absolute energies in either the Ar* +HBr or the Ar* +CH 2 Br 2 reaction. Using the results for the B state, the highest C state level, v max ' populated in the latter reaction, is co.ncluded to have an energy of 63370 ±300 cm- It is apparent, from the above, that reliable vibrational distributions cannot be derived for the C state in the same way as those for the B state: it should also be remembered that the uncertainty in the transition moment for the C-A system brings in further uncertainties in the distribution.
This detailed discussion should be of relevance to analyses of other noble-gas halide spectra. The most successful analyses are those based not only on spectroscopic information but also on kinetic data, such as the pressure and temperature dependences presented in Paper I.
A critical help in solving spectra such as these is know ledge of the number of emitting vibrational levels, achieved for the ArBr(B) state but not for the C state. For other noble-gas halides, the simplification offered by predissociation of the ionic states is not present and the continua often show only broad oscillations due to quantum interference effects. 9.3 It is our experience, however, for Kr and Xe bromides and iodides that by the choice of a suitable reagent, especially the hydrogen or deuterium halide, the number of emitting levels is sufficiently reduced that the main continuum shows fine structure comparable to that of the Ar* + HBr reaction, allowing determination of the number of emitting levels. Following the analysis of such spectra, the derived potential curves can be applied to the less -structured continua produced by more exothermic reactions.
An alternative approach is that of Tellinghuisen et al. , 2 who studied the spontaneous emission at pressures of the order of 1 atm, where the vibrational distribution has a Boltzmann form; however, the C state is not observed under these conditions. The ArBr spectrum from the Ar* +CH 2 Br 2 reaction shows the problems associated with overlap of the C-A and B-X continua in the main continuum. The same effect undoubtedly occurs in many other noble-gas halide spectra and, even if the B and X potential curves are known, will lead to errors in the derived vibrational distribution in the B state, unless corrections ar e made.
B. Comparison with other data
ArBr potential curves and transition moments
No experimental data or calculations are available for comparison with the present results, but good agreement is shown in several respects with ab initio calculations of the noble-gas fluorides and xenon halides. 5.8.11 The excited Band C states have been shown to be close in energy and to resemble the analogous ground state alkali halide potential. The ground state of ArBr is so weakly repulsive that its slope is comparable to that of the inner limb of the B state at the low energies probed here and is almost certainly smaller than that of the B state at higher energies. The A G) state, although more repulsi ve, is in fact remarkably similar to the ground state (see Fig. 2) ; this is consistent with the calculations, which show the greatest difference between these potentials to occur for the heaviest noble gas and lightest halogen, i. e., for XeF.
The need to invoke van der Waals minima in the X and A (%) states of ArBr is somewhat surprising, as this species is far removed from Xe F, whose ground state shows the largest bond energy. More detailed calculations of the relative energies of the X and A (~) states in the region of the minimum and further molecular beam scattering studies 19 would be of considerable interest.
The B-X and C-A (!) transition moments are the parameters least well characterized in this study. For the B-X tranSition, a linearly varying transition moment /.L(r) = const (1 -2.25 r) for r in the range 0.285 to 0.34 nm provided satisfactory fits to the spectra. The ab initio calculations 5 • 6 on such species as XeBr and ArF show remarkably similar behavior over comparable ranges of internuclear distance, but at small r, not sampled in the present study, /.L is predicted to pass through a maximum.
For the C -A (t) simulations, a nonlinear form for /.L was found to be required, and an exponential expression /.L = Cexp (-riD) was chosen arbitrarily. D was concluded to lie in the range 0.0387-0.060 nm. The ab initio calculations for XeBr, XeI, ArF, and KrF again predict similar behavior and tend to support the higher value of D, implying very strong C-A G) emission in the main continuum region.
Vibrational distributions
For the B state, the de ri ved vibrational distributions (Figs. 6, 7) are believed to be reliable as they were not found to change significantly even with small changes in the shape of the upper state potential. For the C state, the general form of the distribution is certainly clear for both the Ar* + HBr and CH 2 Br 2 reactions (Table I, II) .
At low pressure, where collisional relaxation is unimportant, the principal findings are as follows: (1) Both the B and C states are formed with slightly inverted distributions in the Ar* + HBr reaction; (2) The same number of vibrational levels in the B state are populated in the reactions of Ar* with HBr and CH 2 Br 2 , but two higher levels of the C state are populated in the latter than in the former reaction; (3) the C state is formed by the Ar* + CH2Br2 reaction with a strongly inverted distribution. The distributions resulting from the Ar* + HBr reaction reveals another aspect of the analogy between the excited noble gas atoms and ground state alkali atoms, in being completely consistent with the product translational energy distribution in the reaction of K with HBr .20 In the reactions of alkali atoms with CH2Br2, molecular beam studies 21 reveal that a large fraction of the available energy appears as translational energy of the products. We found similar behavior in Ar* +CH 2 Br 2 , by comparing the atomic Br emission with that from other reactions. 1 Thus, the observed inverted vibrational distribution in the C state is unexpected; it is of interest to try to establish whether the B state shows a similar distribution.
Regarding the different number of C -state emitting levels in the two reactions, it would seem likely that, in Ar* + HBr, the Band C states are populated to the same energy, determined by the thermodynamics of the reaction. In Ar* +CH2Br2, more energy is available and the two extra levels observed in the C state may indicate that the predissociation limit is higher in this state than in the B state.
As discussed in Paper I, the changes in vibrational distribution with pressure are due to vibrational relaxation and collisional quenching of the C to the B state. Modelling of the pressure dependence of the C state distribution in the Ar* +CH2Br2 reaction reveals that vibrational relaxation is particularly important for this state but quantitative conclusions await analYSis of the weak underlying B-A (t) emission.
